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Selective reactive ion etching of GaAs on AIGaAs in SiC14/SiF4 plasma is reported. A selectivity 
ratio of 350: 1 has been obtained at low power. A small decrease in the saturation current of 
gateless MODFET structures has been observed after etching the GaAs cap layer and has been 
ascribed to be due to low~power ion damage of the AIGaAs layer. This process was applied to the 
fabrication of 0.2 11m T -gate pseudomorphic MODFET's. The de and microwave performance of 
reactive-ion~etched devices and wet-etched devices were identical. However, for these short-gate-
length devices a threshold voltage standard deviation of 30 m V was obtained for the reactive-ion-
etched devices as compared to 230 m V for the wet-etched devices. 
I. INTRODUCTION 
Reactive ion etching (RIE) has become important in the 
fabrication oflasers, high-speed GaAs devices, and optoelec-
tronic integrated circuits, Equietch rates for GaAs and 
AIGaAs are required for the fabrication of laser facets, 
whereas for the fabrication of modulation-doped field-effect 
transistors (MODFETs), the selective removal of GaAs 
from underlying thin AlGaAs layers is important. Prior ap-
proaches for selective etching relied mainly on CCl2 F 2 -
based plasmas. \-5 This approach has been used to fabricate 
MODFETs with gate lengths in the 1 pm regime, lA," It has 
been shown that this method yields better uniformity in the 
dc characteristics of 1he devices which is important for the 
realization of high-performance integrated circuits. Etch se-
lectivity has been attributed to the conversion of Al to non-
volatile AIF 3 by fluorine containing gas species. 3 A by-prod-
uct of etching in CC12 F2 -based plasma, however, is the 
formation of a thin layer of polymer which must be removed 
to obtain useful metal-semiconductor interfaces.s This can 
be avoided by using gas a chemistry which does not contain 
fluorocarbons. Furthermore, by using separate chlorine and 
fluorine containing process gases, the selectivity can be con-
trolled by varying the gas ratios. Such a mixture ofSiCl4 and 
SFb has been used to selectively etch quarter-micron gate 
MODFET's, although no device results were presented.7 In 
this paper, we present our results on the selective reactive ion 
etching of GaAs on AIGaAs in SiC14 ISiF~ plasmas. This 
process has been applied to the fabrication of 0.2-pm gate-
length GaAs/ AIGaAs/lnGaAs pseudomorphic MOD-
FETs. The influence ofRIE on the de and microwave device 
properties will be discussed and the results compared to wet-
etched MODFET's 
II, EXPERIMENTAL PROCEDURE 
The samples used in this study were grown by molecular 
beam epitaxy on semi-insulating (100) GaAs. Etch rates 
and selectivity were measured on structures with a 200 nm 
undoped GaAs cap on a 5 or 15 nm A~u GalJ.7 As etch-stop 
layer on a 1 pm undoped GaAs buffer layer. Saturation cur-
rent and Hall mobility measurements were made on a 
GaAsl AIGaAs MODFET structure consisting of a 20 nm 
n -+ -GaAs (SX 1018 cm- 3) cap, a 35 nm nt -Alo.3 Gao.7As 
(2X lO'~ cm- 3) donor layer, a 8 nm undoped A1o.3 Gao7 As 
spacer layer, and a 1 /-lm undoped GaAs buffer layer. Final-
ly, device results are from a pseudomorphic MODFET with 
a 10 nm n-GaAs (1 X 1018 cm- 3 ) cap, a 40 nm Si-doped 
Alo.2sGao.7sAs (2X 1018 cm- 3) donor layer, a 4 nm un-
doped Alo.2sGuo.7sAs spacer layer, a 15 nm undoped 
Ina.ls GaU.S5 As channel layer, and a 1 /-tm un doped GaAs 
buffer layer. The pseudomorphic MODFET had a 77 K 
sheet carrier concentration and mobility of 1.9 X 1012 cm - 2 
and 17800 cmz IV s, respectively. 
Reactive ion etching was performed in a Plasma Technol-
ogy RIE system with a 30 em diam. chamber. A load-locked 
nitrogen-purged glove-box is fitted on top of the chamber to 
prevent atmospheric contaminants from reacting with resi-
due gases. The 17 em diam cathode is made of alumina coat-
ed aluminum, rfpowered at 13.56 MHz, and is covered with 
a £-in.-thick quartz plate. The cathode and anode are spaced 
5 cm apart and water cooled to maintain a nominal tempera-
ture of 24°C. For all experiments, the chamber is initially 
pumped to about 100 mTorr by a Roots blower/mechanical 
pump combination. A turbomolecular pump is then used to 
pump the system to a base pressure of 5 X 10 6 Torr. During 
etching, only the Roots blower is used to pump process gas-
es. 
A SiCl4 /SiF4 gas ratio of 3:7 (10 scem total) and a 
chamber pressure of30 mTorr was used for all experiments. 
Power levels of 10,25, and 50 W corresponding to self-bias 
voltages of - 70, - 120, and - 180 V, respectively, were 
used. The lower power levels are especially important for 
MODFET gate recess etching because the thin AIGaAs bar-
rier and underlying channel are very susceptible to ion dam-
age,R,9 No detectable ion damage was reported when a 
CClzF2/B C13 selective etch was used at - 80 V self-bias.9 
However, when CC12 F 2 /He at - 85 V self-bias was used, 
Schottky diodes showed increased ideality factors, reverse 
saturation currents, and depletion widths compared to the 
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bulk values. 8 The damage at this low energy in the latter case 
was attributed to light helium ions, and it was postulated 
that RIB damage could be minimized by using heavier ion 
species. 8 The SiC14 /SiF 4 gas chemistry reported here should 
therefore minimize such damage. 
III. RESULTS 
A. Etch characteristics 
The two etch selectivity test samples with 5 and 15 nm 
Alo.] GaO.7 As barrier layers and a bulk GaAs test sample 
















FIG. I. Etch depth versus time for (LJ) GaAs, (0) 200 nm GaAs/15 nm 
AI,,] Gao,As, and (,0.) 200 nm GaAs/5 nm AloJ Ga,'7 As at CallOW and 
(b) 50 W. Etchse\ectivitymtiosof350and 120aTc observed at IOand SO W, 
respectively. 
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were etched for increasing times at 10 W (0.044 W /cm2 ) 
and 50 W (0.22 W /cm2 ). Figure lea) shows the results ob-
tained at 10 W, and it demonstrates the markedly different 
etch rates of the thin AIGaAs layer compared to GaAs. An 
AIGaAs etch rate of 1.1 nrn/min is indicated from the fiat 
portion of the graph where it took about 275 s to etch 
through the 5 nm layer. Given a GaAs etch rate of 390 
nm/min, the selectivity ratio of this etch is approximately 
350 to 1. Such a selectivity ratio is adequate for the MOD-
FET gate recess and is comparable to those obtained with 
other selective etch gas chemistries.5•7 At 50 W power an 
AIGaAs etch rate of between 4.2 and 4.8 nm/min is obtained 
from the 5 and 15 nrn barrier layers, respectively. The GaAs 
etch rate has increased to approximately 540 nm/min, giv-
ing a GaAs to AIGaAs selectivity ratio of about 120. The 
decrease in selectivity at this higher power is attributed to an 
increase in the nonselective physical etching component 
which acts to remove the nonvolatile AIF3 • An etch initia-
tion delay time of about 20 and 12 s at 10 and 50 W, respec-
tivciy, are observed in Fig. 1, which is due to the native oxide 
present on the layers. 1 
The effect ofSiC14 /SiF4 selective etching on the electrical 
properties of GaAs/ AIGaAs MODFET material was as-
sessed by measuring the saturation current as a function of 
etch time and power. Figure 2 shows the effect of etching on 
the saturation current measured between two 100 f.1m wide 
contacts separated by a 3 pm gap. A control sample was 
etched in a selective wet etch (selectivity about 20 to 1) with 
a GaAs etch rate of about 17 nrn/min. As expected, the dry 
etched samples show a rapid decrease in current as the high-
ly doped GaAs cap layer is removed and then reaches a satu-
ration level when the AIGaAs layer is reached. This satura-
tion current level is 10% lower at 10 W as compared to the 
wet-etched sample with the cap removed (about 70 s) and 
decreases by about 20% as the RIE power is increased from 
10 to 50 W. Even at these relatively low-power levels, ion 
damage may be the cause of this decrease. The damage, how-
ever, does not appear to increase with overetching for the 10 
and 25 W samples where even an 800% overetch resulted in 
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FIG. 2. Plot of MODFET ~aturation current as a function of etch time for 
various RIE power levels. A chemically wet-etched control is also included 
for comparison. Current is measured 011 a GaAsl AIGaAs MODFET struc-
ture between two 100 pm contacts separated by a 3/im gap at 3 V. 
...........•........ 
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F[G. 3. SEM micrograph of a typical 0.2 f.im T-gate MODFET. 
a minimal current decrease. The rapid decrease in the 50 W 
sample is caused by the etching of the AIGaAs layer due to 
the poorer selectivity ofthe etch at this power and not due to 
increased damage. Hall measurements performed on sam-
ples which had their GaAs caps removed by etching 30 s at 
50 Wand by selective wet chemical etching show nearly 
identical 77 K mobilities of 113 000 and 110 000 cmz /V s, 
and sheet carrier concentrations of 5.6X lOll and 5.5 X 1011 
cm 2, respectively. No sign of ion damage is observed in this 
sample for such a short dry etch time; however, preliminary 
Hall results indicate a 40% drop in mobility and a 30% 
lower sheet carrier concentration after an additional 30 s of 
etching. This result is consistent with the saturation current 
data and is currently being investigated. 
80 MODFET characteristics 
Pseudomorphic GaAs/ AIGaAs/lnGaAs MODFETs 
were fabricated with 0.2 J.lm T -gates (see Fig. 3) using elec-
tron-beam lithography on a Cambridge 6.5 EBMF lithog-
raphy system. Device fabrication details are described 
elsewhere. ]() Consecutive gate definition, recess, and metalli-
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FIG. 4. Histogram of threshold yoltag<'s for pseudornorphic GaAsl 
AIGaAs/lnGaAs MODFET"s with 0.2 pill gate lengths. 
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FIG. 5. Short-circuit current gain \h21 1 ysfrequency for a typical dry-etched 
and wct·etclwd 0.2 X 100 !-1m pscudomorphic MODFET. 
wet selective etching. The dry recess etch was performed for 
90s in a 3:7 SiC14 /SiF4 plasma at 30 mTorr and lOW (0.044 
W /cm2 ) of power. The wet etch was performed in a pH-
adjusted H20 2/NH4 0H selective etch until the gateless sat-
uration current equaled the dry-etched sample. Samples 
were dipped in a 1:2 HCl:H20 solution just prior to Til Au 
metallization. Devices within a 3 X 4 mm area (- 70 de-
vices) were measured for threshold voltages and transcon-
ductances. The average transconductance for the wet and 
dry devices is 360 and 380 mS/mm, respectively, the differ-
ence being due perhaps to layer non uniformity or slight pro-
cess variations. Figure 4 shows a histogram of threshold vol-
tage for the wet and dry devices. The mean threshold 
voltages for these depletion-mode MODFET's are - 1.23 
and - 1.32 V for the wet and dry etch, respectively. The 
standard deviation of the wet-etched devices is 230 m V, 
whereas the dry-etched devices show a significantly lower 
value of only 30 m V. This threshold voltage standard devi-
ation, while not suitable for large-scale integrated circuits, is 
encouraging in light of the short gate lengths of the devices. 
To further characterize the effect of dry etching, a repre-
sentative number of both dry- and wet-etched MODFET's 
with similar threshold voltages were on-wafer microwave 
tested. lo Figure 5 shows the current-gain Ih21 \ versus fre-
quency for a typical wet- and dry-etched 0.2 f.1.m T-gate 
MODFET. Both devices are virtually identical with unity 
current-gain cutoff frequencies J; of about 75 GHz and a 
unilateral power-gain cutoff frequency Im"x of 105 GHz. 
These microwave results provide further evidence that the 
low-power SiC14/SiF4 selective etch does not significantly 
affect the MODFET device performance. 
IV. CONCLUSIONS 
In conclusion, we have characterized a new selective etch 
for GaAs over AIGaAs based on SiC14 and SiF4 gas chemis-
try. A selectivity of 350 to 1 has been obtained at low power 
(lOW, -70V) and pressure (30mTorr).AsmaHdecrease 
in the saturation current of MODFET structures as com-
pared to wet-etched samples was observed and is attributed 
to ion damage of the AIGaAs layer. The decrease in current, 
however, is only about 10% at 10 W of power and does not 
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appear to worsen with overetching. This etch has been used 
for the gate recess etch of 0.2 11m T-gate pseudomorphic 
MODFET's. Dry-etched MODFET's exhibit identical dc 
and microwave characteristics to wet etched devices and 
with a threshold voltage uniformity that is almost eight 
times better than the wet-etched devices. 
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